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Neutrino Program

Straight Through the Earth

MINOS  Soudan Mine, MN 2340 ft deep

NOvA Ash River, MN Surface level
LBNF  Homestake Mine, SD 4850 ft deep

35ktons liquid argon
deep underground

Ash River
Minnesota
/m
Lead 800 miles :
Sk Dok Fermilab

g 15 Nigel Lockyer | All-hands meeting 2/6/12014

MicroBooNE

MINERVA

MINOS+

NOVA

LNBF/DUNE (proposed)
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How is an Engineer Different from a Scientist?

“Scientists investigate that which already is;
Engineers create that which has never been.”
- Albert Einstein
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Examples of Physicists’ Specifications
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Examples of Engineering in the Main Injector Enclosure

Civil

Mechanical

Electrical
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Example of an Installation — lon Proflle Monltor
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Inside an lon Profile Monitor
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More Small Details — R&D Titanium Nitride Coating
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Introduction to Vacuum System Design

Factors that affect vacuum system design to reach specified pressure:

Volume of system
Materials (outgassing rates)
Pump size and spacing

Conductance to all volumes (to pumps, and avoiding virtual leaks)

Cleanliness of everything within the system

Some starting equations:

PV=nRT
Q=SP P=pressure
Q=CAP V=volume

P.=0p*B*L,/S

12

n=number of moles
R=universal gas constant
T=temperature

Q=gas flow

Linda Valerio | Mechanical Engineering of the Accelerators at Fermilab

S=pump speed
C=conductance

P, =pressure at the pump
qp=specific outgassing rate
B=inside tube perimeter
L,=pump spacing
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Vacuum System Basics

Mechanical
Roughing
Pumps

Turbos

lon Pumps
& Turbos

Pressure (Torr)

lon Pumps,
Cryo—Pumps, &
TSP's

Good Luck!

Note: Information depicted is intended for general reference and may or may not be representative of any real system.
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Graph from “Accelerator Vacuum 101” by T. Anderson, 2006.
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Vacuum System Analysis
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Beamline Design

c [ . RONDOD
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Beam Line
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Beam Line = *

Injector
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Adding New Beamlines to the Accelerator - NOVA

Extraction Line (RR 230 to"MI'30€
and Recycler 30 Straight

- 8-GeV Beam
"'Tf ansfer L'{'es Extraction Line
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Sample of Installation Drawings - NOvA
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29 before & after vacuum system drawings like this were created for three regions of the accelerator.
Magnet installation drawings were separate.
Hundreds of supporting drawings.
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Efficient Installation in Radiation Areas - NOVA
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What’s Next? Designing a Beamline for LBNF and DUNE

North Dakota
Sanford Underground

Research Facility .
Lead, South Dakota Minnesota

Sanford Underground : .
Fermilab Research Facility South Wisconsin
Batavia, lllinois
© iy, (Proposed)

S

S—
——
i
i,
in®

lowa i
Nibiika Fermilab

lllinois

Kirk Road

Protons From Main Injector
Existing Main Accelerator
Injector
Production of
Neutrinos
(680-Foot Tunnel)

|
Absorber Hall
(94 Feet Deep)

Neutrinos to
South Dakota

Near Detector
(183 Feet Deep)
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Early 3-D Model of LBNF and Main Injector

o

o
Target Hall LN
(not shown) ‘ Magnet installation access tunnel (ground level)
"
Shield wall (not shown)
Start of Primary Beam enclosure
Recycler LBNF exits Ml enclosure
LBNF Lambertson magnets ,
, = e - IA'vm.-, -Il: -— w: e »
e -y, ~
Main Injector —— WF

LBNF kicker magnets are further upstream and not shown in this view.
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The End. Do Accelerators Look Different Now?
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